Hybrids between the rice subspecies indica and japonica exhibit heterosis, both vegetatively and in that they produce more flowers, but there are severe sterility problems, so seed set is low. Currently, most hybrid rice is from indica 9 indica crosses, but the average spikelet fertility is only around 80%. Even small improvements in seed setting are desirable in a crop that feeds so many.
Numerous hybrid sterility genes have been identified in rice, and a few have been molecularly characterized (reviewed in Ouyang and Zhang, 2013) . In addition, genetic analyses identified an intermediate group of rice varieties that are able to produce fertile hybrids when crossed to either indica or japonica varieties, and thus were termed wide compatibility varieties.
In the highlighted paper Li et al. (2017) , Yidan Ouyang's group broadly surveys reproductive barriers and thereby provide a resource for detecting additional underlying hybrid sterility genes. They used 3 pairwise crosses from 3 varieties that represent the major diversity of rice germplasms: an O. sativa japonica subspecies, Nipponbare, henceforth Nip, and two divergent varieties of the O. sativa indica subspecies, Zhenshan 97 and Minghui 63, henceforth ZS97 and MH63. ZS97 and MH63 are the parents of Shanyou 63, one of the most widely grown rice hybrids in China. Yidan obtained her Ph.D. in 2008, in Qifa Zhang's group. She was a member of the team that cloned the first hybrid sterility locus in rice, namely S5, a gene regulating embryo sac fertility in indica 9 japonica hybrids. In 2009 she was appointed as an assistant professor at Huazhong Agricultural University, and since 2015 has been a professor. In 2012 she was a visiting scholar at the Univ. Chicago, in the group of Manyuan Long, who studies the role of new genes in speciation. The first author, Guangwei Li, is just starting his 5th year as a graduate student in Yidan's group, and several other authors (Xiaoting, Yuan, Dahan and Qiyan) are undergraduates; Huazhong Agricultural University has a program to integrate freshman into research projects.
So what did they do? First, the F2 populations from the Nip 9 ZS97, Nip 9 MH63, and ZS97 9 MH63 crosses were phenotyped and subsequently genotyped, to detect QTLs associated with hybrid fertility. Spikelet fertility, pollen viability and embryo sac morphology were separately scored. The middle and lower panels of Figure 1 show examples of the extremes of the phenotypes seen in the F2 plants from a japonica 9 indica cross: some plants had almost 100% normal pollen or embryo sacs, while others had almost 100% aborted pollen or abnormal embryo sacs. The overall fertility in the F2s from the Nip 9 MH63 cross was somewhat higher than from the Nip 9 ZS97 cross. Overall, the F2 plants from the ZS97 9 MH63 cross were more fertile, with pollen viability and embryo sac normality ranging from~40% to 100%.
Then, using at least 150 plants from each F2 population, they carried out RADseq (restriction site-associated DNA sequencing) (Andrews et al., 2016) , acquiring 45 Gb of paired-end 100 base pair reads, adjacent to where restriction enzymes cut. RADseq is cost effective and provides a greater depth of coverage per locus, and gives more confidence in calling heterozygotes. In the QTL interval regions, candidate genes that had significant sequence divergence from the parents (all three parents have reference genomes) potentially affect hybrid fertility. They detected a total of 27 QTLs for embryo sac, pollen, or spikelet fertility, and 10 of these are newly identified. They also detected 16 segregation distortion regions that showed preferential transmission of one allele in the offspring, thus exhibiting deviations in genotypic frequencies. Most QTLs are from the japonica 9 indica F2s, but 3 were identified from the indica 9 indica F2. The next step was to identify potential causative genes at the QTLs; the most promising candidates showed preferential expression in reproductive tissues. Given that some previously characterized hybrid sterility genes exhibit two locus interactions (reviewed in Ouyang and Zhang, 2013) , they also tested for such potential interactions in each group of F2 plants. For example, plants homozygous for the Nip allele at one locus and homozygous for the ZS97 allele at a second locus, or plants homozygous at one locus and heterozygous at another locus, had reduced fertility. Overall, they detected 43 single locus QTLs and 223 two-locus combinations.
This work has provided strategies to improve the fertility of ZS97 9 MH63, and should have general applicability to other indica 9 indica hybrids, and to continuing efforts to improve the fertility of japonica 9 indica hybrids. For example, the S5 locus has different allele combinations from three tightly linked genes (Chen et al., 2008; Yang et al., 2012) , constituting the indica haplotype, the japonica haplotype, and the neutral haplotype. Stacking S5-n (n for neutral, found in the wide compatibility varieties) with f5-n, a neutral allele identified at another hybrid sterility locus, into one elite indica restorer line was able to improve spikelet fertility in the indica 9 japonica hybrid by~40% (Mi et al., 2016) . Thus introgressing neutral alleles for other hybrid sterility factors, such as those QTLs identified in this study, might further improve fertility in indica 9 japonica hybrids.
Yidan quoted Gaius Julius Caesar, "I came, I saw, I conquered", and joked that their approach to improving rice yield is similar -they do the genetics, they detect the loci, and they conquer the molecular mechanism. In the future, candidate genes whose alleles are unfavorable in hybrids could be replaced using marker-assisted breeding, or eliminated with genetic engineering approaches, such as Crispr/ CAS9.
